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Abstract 
Oil palm (Elaeis guineensis Jacq.) is one of the most important commercial crops for the production of palm oil, which generates 
10.88 tons of oil palm fronds per hectare of plantation as by-product. Oil palm fronds contain about 30.4 % hemicelluloses, which 
can be extracted using chemical or heat treatment for useful applications. Subcritical water extraction is an extraction and 
fractionation technique that uses water as an attractant between 100 to 374 °C under pressure for maintaining liquid state and it is 
environmentally friendly because it does not use organic solvents. The objective of this research was to maximize the 
hemicelluloses yields extracted using subcritical water extraction. Hemicelluloses were extracted from oil palm fronds using 
subcritical water extraction with different pressures, temperatures and reaction times. The effects of temperature from 170⁰C to 200 
°C, reaction time from 5 to 20 min, and pressure from 500 psi to 800 psi on the hemicellulose yields were examined. It was shown 
that the highest yield of hemicellulose (69.60%) was obtained at 10 min reaction time with the pressure and temperature of 600 psi 
and 190°C, respectively. This result indicate that subcritical water extraction can be performed in order to maximize the 
hemicellulose yield. 
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1. Introduction 
Oil palm (Elaeis guineensis Jacq.) is one of the most important commercial crops for the production of palm oil. 
Malaysia is claimed as the world's leading palm oil producer and exporter, accounting for 47% of global palm oil 
production and 89% of exports [1]. The area of oil palm plantation is the highest among other crops, which was 4.3 
million hectares (equivalent to 13% of total  land area)  in 2007 [2] and each hectare of oil palm cultivation was 
reported to produce 10.88 tons of oil palm fronds [3]. Oil palm fronds was reported consist of 30.4 % hemicelluloses 
[4]. Therefore, research on the utilization of oil palm fronds, particularly in the fractionation of hemicellulose should 
be emphasized. Hemicelluloses are unique molecule, differing only in degree of polymerization and crystallinity, are 
in homogeneous fractions and classically defined as alkali soluble material after removal of the pectic substances [5]. 
Moreover, hemicellulose is not a single homogeneous polymer like cellulose but contain different heterogeneous 
polymers such as xylan, galactan, and mannan. The most common hemicellulosic biopolymer is xylan, which is 
considered to be second most abundant polysaccharides in nature after cellulose, accounting for one-third of all 
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renewable biomass available on earth [6]. Xylan has a wide application in chemical, pharmaceutical and food 
industries. 
In recent years, there has been growing interest in the extraction of hemicelluloses from different crop residues, 
and with different techniques [7]. Subcritical water extraction (SWE) is a promosing extraction and fractionation 
technique that uses water as an attractant between 100 to 374 °C under pressure to maintain liquid state. It is 
environmentally friendly because it does not use organic solvent and all eviates the problem accompanied with the 
conventional methods [8]. Some of the benefits include higher selectivity, increased cleanliness and speed, and cost 
savings on both raw material and energy [9]. Extraction of the hemicellulose of oil palm fronds are mainly focused on 
the steam explosion [10], hydrothermal treatment [11] and alkaline extraction [12]. No work has been done on the 
extraction of hemicellulose from oil palm fronds using SWE. The purpose of this work, therefore was to study the 
effect of temperature, pressure and time on the hemicellulose yield using subcritical water extraction. 
2. Material and Methods 
2.1 Material 
Oil palm fronds were obtained from local farmer, Selangor, Malaysia. The raw material were washed with 
deionized water and then were dried in the oven at 40°C for 24 hours. The oil palm fronds were ground to smaller 
particle size <0.5 mm and the sample were stored in the plastic bag prior to use. 
 
2.2 Extraction of hemicelluloses 
SWE was performed using an accelerated solvent extraction system ASE 200, equipped with a solvent controller 
unit from Dionex Corporation. The oil palm fronds chips (2.0 g) were added in the extraction cell. An amount of 60 
mL of water were filled in the cell and heated at different temperatures (170-200°C), retention time (5-20 min) and 
pressure (500-800 psi). Those parameter already set before added the sample in the cell. After the heating process at 
static time, the liquid extract was flushed in the collecting bottle and was centrifuged at 8000 rpm for 15 minutes and 
filtered with 0.45μm cellulose acetate membrane filter (Minisart, Sartorious, Germany). Hemicelluloses yield in liquid 
extract were quantified by determining the total sugar content and expressed as percentage yield of hemicelluloses. 
 
2.3 Total sugar content 
Total sugar content in liquid extract was determined by phenol-sulfuric acid method [13]. A volume of 1 ml aliquot 
of 5% (w/v) phenol solution and 5 ml of H2SO4 were added to 1 ml of diluted extract or xylose solution as a standard 
and the solution were mixed well. The mixture were shaken and let stand at room temperature for 10 min. The mixture 
was kept in a water bath at 25° C for 20 min. The total sugar content was evaluated using UV-Vis spectrophotometer 
(Perkin Elmer, USA) at 480 nm versus water as a blank.  
 
2.4. Statistical Analysis 
 
The experimental results were expressed as mean ± S.D (standard deviation). One way ANOVA was used to 
analyse the experimental data and Duncan’s multiple range test was applied to determine the significantly different 
(P<0.05) samples. The SPSS (Statistical Package for Social Science) statistical computer package was used to analyze 
the experimental data (SPSS, Inc., Chicago, IL, USA). 
 
3. Results and Discussion 
3.1. Effect of temperature on the hemicelluloses yield 
To investigate the effect of temperature on the yield of hemicelluloses, extraction process was carried out using 
different extraction temperature of 170°C, 180°C, 190°C and 200°C while other parameters were fixed as follows: 
time 10 min, and pressure 600 psi. As shown in Fig. 1A, there was an increasing trend in the yield of hemicelluloses 
from 170 to 200°C. This tendency was in agreement with other reports in extraction of hemicelluloses [14-15].  
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Fig. 1.  Effect of temperature (A), pressure (B) and time (C) on the hemicellulose yield 
 
 
Statistical analysis showed that significant differences were existent among 170°C, 180°C and 190°C and among 
170°C, 180°C and 200°C (P<0.05) but there was no significant difference between 190°C and 200°C (P>0.05). These 
result indicate that there was no significant effect on hemicelluloses yield if the temperature higher than 190°C. 
 
 
3.2. Effect of pressure on the hemicelluloses yield. 
 
 Figure 1B showed the effect of pressure on the yield of hemicelluloses while other parameters were fixed as 
follows: temperature 190°C and time 10 min. In the range of 500–800 psi for the pressure, significant differences were 
existent between 500 psi, 600 psi, 700 psi and 800 psi (P < 0.05). The yields of hemicelluloses significantly increased 
from 22.56% to 65.62% as the pressure increased from 500 psi to 600 psi.  
 
3.3. Effect of time on the hemicelluloses yield 
Extraction time was another factor that would influence the extraction efficiency and selectivity of the fluid. It has 
been reported that a long extraction time favored the production of polysaccharides [16]. On the other hand, excessive 
lengthening of extraction time may induce the change of polysaccharides molecule structure [17]. The results showed 
that there was an increasing trend in the yield of hemicelluloses with the increasing of time in the range of 5–10 min 
(Fig. 1C). Statistical analysis showed that significant differences  were existent among 5 min, 10 min and 15 min, and 
among 5 min, 10 min and 20 min (P < 0.05), but there was no significant difference between 15 min and 20 min (P > 
0.05). Thus, time of 10 min is favourable for the extracting of hemicelluloses. 
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4. Conclusion 
This work showed that subcritical water extraction can be performed in order to maximize the hemicelluloses 
yield. As a conclusion the subcritical water extraction was a promising technique for extracting hemicelluloses from 
oil palm fronds. 
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